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WORKFLOW TO MODEL AND CONDITION
WATER DISTRIBUTION IN A
HYDROCARBON RESERVOIR

BACKGROUND

Hydrocarbon fluids are often found in hydrocarbon res-
ervolrs located 1n porous rock formations far below the
carth’s surface. Exploratory wells may be drilled nto an
unknown reservoir to obtain data regarding the subsurtace
structure. In order to optimize production from hydrocarbon
reservolirs, various subsurface models may be created by
interpreting the data obtained by the exploratory wells.
Subsurface models represent the subsurface structure and
may map the distribution of various subsurface fluids includ-
ing water, oil, and gas.

There are various subsurface geological traps, such as
structural and stratigraphic traps, that effect the distribution
of water 1n a hydrocarbon reservoir. Being able to model
water distribution and anticipate water breakthrough, par-
ticularly for complex hydrodynamic surfaces in gas wells, 1s
beneficial to predicting and mitigating future production
problems. As such, methods that help navigate the complex
subsurface geological traps and types of subsurface water
may be beneficial 1n producing reliable and accurate sub-

surface models.

SUMMARY

This summary 1s provided to introduce a selection of
concepts that are further described below 1n the detailed
description. This summary 1s not intended to identily key or
essential features of the claimed subject matter, nor 1s 1t
intended to be used as an aid 1n limiting the scope of the
claimed subject matter.

The present disclosure presents, 1n one or more embodi-
ments, a method and a non-transitory computer readable
medium storing instructions for modeling water distribution
in a reservolr having a gas phase, a free water phase, and a
plurality of pores. In general, and 1n one or more embodi-
ments, the method includes determining a free water level in
the reservoir, analyzing a free water pressure trend of the
free water phase, determining a presence ol anomalous
pressures and salinities within the free water phase, deter-
mimng whether gas down to models and water up to models
fit the reservoir, determining a bi1-modal pore throat distri-
bution of the plurality of pores within the reservoir, and
generating a difference map to model the water distribution
in the reservorr.

In further embodiments, the non-transitory computer
readable medium 1s executable by a computer processor and
the instructions include functionality for determining a free
water level in the reservoir, analyzing a free water pressure
trend of the free water phase, determining a presence of
anomalous pressures and salinities within the free water
phase, determining whether gas down to models and water
up to models fit the reservoir, determining a bi-modal pore
throat distribution of the plurality of pores within the res-
ervoir, and generating a diflerence map to model the water
distribution 1n the reservorr.

Other aspects and advantages of the claimed subject
matter will be apparent from the following description and
the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the structure and fluid interactions within an
exemplary hydrocarbon reservorr.
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2

FIGS. 2a-2¢ show flowcharts 1n accordance with one or
more embodiments.

FIGS. 3a-3b show a constant pressure trend and a differ-
ing pressure trend 1n a reservorr.

FIGS. 4a-4b show a pro-graditional pressure trend and a
non-pro-graditional pressure trend 1n a reservoutr.

FIGS. 5a-5b6 show a pressure trend following a hydro-
static pressure trend and a pressure trend not following the
hydrostatic pressure trend 1n a reservorr.

FIG. 6 shows anomalous pressure points in a reservoir.

FIG. 7 shows a dipping gas water contact 1n a reservoutr.

FIG. 8 shows a bi-model pore throat distribution in a
reservolr.

FIG. 9 shows a computer system in accordance with one
or more embodiments.

DETAILED DESCRIPTION

In the following detailed description of embodiments of
the disclosure, numerous specific details are set forth in
order to provide a more thorough understanding of the
disclosure. However, it will be apparent to one of ordinary
skill 1n the art that the disclosure may be practiced without
these specific details. In other instances, well-known fea-
tures have not been described 1n detail to avoid unnecessar-
1ly complicating the description.

Throughout the application, ordinal numbers (e.g., first,
second, third, etc.) may be used as an adjective for an
clement (1.¢., any noun 1n the application). The use of ordinal
numbers 1s not to 1imply or create any particular ordering of
the elements nor to limit any element to being only a single
clement unless expressly disclosed, such as using the terms
“before”, “after”, “single”, and other such terminology.
Rather, the use of ordinal numbers 1s to distinguish between
the elements. By way of an example, a first element 1s
distinct from a second element, and the first element may
encompass more than one element and succeed (or precede)
the second element in an ordering of elements.

Embodiments disclosed herein relate to a method for
visualization of hydrodynamic trapping and a mapping tool
to display water presence/distribution in a reservoir/basin.
More specifically, embodiments disclosed herein are
directed to a tool to assist reservoir modelling to i1dentity
water type and a workflow for analyzing water, communi-
cate this analysis, and rank future wells for water presence
according to a defined risk matrix. Embodiments disclosed
herein have application on conventional and unconventional
reservoirs and mixed reservoir types.

FIG. 1 shows the subsurface structure of and fluid inter-
actions within an exemplary hydrocarbon reservoir (100).
The depicted hydrocarbon reservoir (100) has three different
subsurface fluids present: a gas phase (102), a free water
phase (104), and an o1l phase (106). Conventional hydro-
carbon reservoirs (100), such as the one depicted 1n FIG. 1,
have a source formation (108), a reservoir formation (110),
and a cap formation (112). A source formation (108) 1s a
formation rich in organic matter that, over time, 1s heated
suiliciently to produce hydrocarbon fluids such as the gas
phase (102) and o1l phase (106).

The o1l phase (106) and gas phase (102) migrate from the
source formation (108) to a more porous and permeable rock
called the reservoir formation (110). Due to the density
difference between the gas phase (102) and the o1l phase
(106), the gas phase (102) migrates and settles above the o1l
phase (106) 1n the reservoirr formation (110). The cap
formation (112) 1s a formation with low permeability and/or
porosity such that the o1l phase (106) and the gas phase (102)
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are prevented from migrating further and are “‘trapped”
beneath the cap formation (112). In other embodiments, the
source formation (108), the reservoir formation (110), and
the cap formation (112) may be one and the same, these
reservoirs are called unconventional hydrocarbon reservoirs.

Wells (114a-c¢) may be drilled into the hydrocarbon res-
ervoir (100). Wells (114a-c) may be drilled into the forma-
tion for gathering data, producing the hydrocarbon fluids,
and/or treating the formation. Each well (114a-c) may be an
exploration well, a production well, or an 1njection well. As
depicted 1n FIG. 1, a free water phase (104) may be present
in the reservoir formation (110) alongside the gas phase
(102) and the o1l phase (106). In one or more embodiments,
the free water phase (104) may have already been present in
the reservoir formation (110) prior to the o1l phase (106) and
the gas phase (102) migrating from the source formation
(108). In other embodiments, the free water phase (104) may
have migrated from elsewhere, and/or the free water phase
(104) may have been artificially itroduced due to 1njection
of water using the injection wells.

When an o1l phase (106), gas phase (1 02) and free water
phase (104) are all present 1n the reservoir formation (110),
the phases migrate and settle due to density differences such
that the free water phase (104) may be located beneath the
o1l phase (106) and the oil phase (106) may be located
beneath the gas phase (102). Therefore, there are various
“contacts” within the hydrocarbon reservoir (100) that dis-
tinguish the locations of the different subsurface fluids. The
gas water contact (GWC) (116) 1s the location or “surface”,
in the hydrocarbon reservoir (100), above which predomi-
nantly the gas phase (102) occurs and below which pre-
dominately the free water phase (104) occurs. The gas phase
(102) and the free water phase (104) are miscible, so the
GWC (116) 1s not necessarily sharp, and a transition zone
(118) exists between the gas phase (102) and the free water
phase (104), as shown in FIG. 1. The free water level (FWL)
(120) 1s located near the base of the transition zone (118) and
1s a location or “surface” below which ~100% of the free
water phase (104) occurs.

The gas o1l contact (GOC) (122) 1s the location or
“surface”, 1 the hydrocarbon reservoir (100), above which
predominantly the gas phase (102) occurs and below which
predominately the o1l phase (106) occurs. The o1l water
contact (OWC) (124) 1s the location or “‘surface”, in the
hydrocarbon reservoir (100), above which predominantly
the o1l phase (106) occurs and below which predominately
the free water phase (1 04) occurs. In some embodiments of
a hydrocarbon reservoir (100), the free water phase (104)
enters the reservoir formation (110) from a formation, like a
sandstone, located below the reservoir formation (110).

Exploratory wells (114a-c¢) may be dnlled mto a gas
reservoir (100), as depicted 1n FIG. 1, to gather more data
about the reservoir (100). These wells (114a-¢) may encoun-
ter the free water phase (104), the gas phase (102), or both
the free water phase (104) and the gas phase (102). When a
well (114a) 1s drilled into a reservoir (100) and only the free
water phase (104) 1s encountered, the well (114a) may be
called a WU'T (water up to) well (114a). When a well (1145)
1s drilled into the reservoir (100) and only the gas phase
(102) 1s encountered, the well (1145) may be called a GDT
(gas down to) well (114b). In cases where the well (114c¢)
encounters the free water phase (104) and the gas phase
(102), data gathered from the well (114¢) may be used to
determine the GWC (116). The data gathered from the WUT
wells (114a), GDT wells (1145), and the GWC (116) wells
(114¢) may be used to help produce a difference map. A
difference map maps the GWC (116) surface throughout the
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4

reservoir (100). This allows for indication of the “top pay
zone” which 1s the primary zone where the gas phase (102)
1s located. An accurate location of the top pay zone helps 1n
development of the reservoir (100) because production wells
(114a-c) may be designed to target the hydrocarbon produc-
ing zone rather than the water producing zones.

Embodiments disclosed herein present a method that may
be used to produce reliable and accurate subsurface differ-
ence maps that model and condition the free water phase
(104) distribution 1n a reservoir (100). Herein, the reservoir
(100) may be similar to the reservoir (100) depicted in FIG.
1 or the reservoir (100) may be a gas reservoir (100) having,
only a free water phase (104) and a gas phase (102).

FIGS. 2a-2c¢ depict flowcharts in accordance with one or
more embodiments. More specifically, FIGS. 2a-2¢ 1llustrate
the method for producing subsurface diflerence maps that
model and condition the free water phase (104) distribution
in a reservoir (100). While the various blocks 1n FIGS. 2a-2¢
are presented and described sequentially, one of ordinary
skill 1n the art will appreciate that some or all of the blocks
may be executed in different orders, may be combined or
omitted, and some or all of the blocks may be executed 1n
parallel. Furthermore, the blocks may be performed actively
or passively. FIGS. 3a-8 support and explain the various
steps presented 1 FIGS. 2a-2c.

In FIG. 2a the mitial question posed (or determination
made) 1s “Does the reservoir (100) have an observable free
water level (FWL) (120)?” (S200). To determine 1f the FWL
(120) 1s observable, the capillary pressures within the res-
ervoir (100) are integrated with a height function and
interpreted with a log analysis. If the FWL (120) 1s deemed
observable, the reservoir (100) may be analyzed further by
progressing to S202.

If the FWL (120) 1s not observable, the reservoir (100)
may no longer be analyzed using the disclosed method, and
the process ends. There are methods to predict the FWL
(120), when the FWL (120) 1s not observable, by analyzing
various tools such as a modular dynamics tester tool, a
reservolr dynamics tester tool, and an express pressure tool.
However, 1n order for the most accurate subsurface difler-
ence maps to be produced by the method outlined 1n this
disclosure, the FWL (120) must be observable, not pre-
dicted. Conventional hydrocarbon reservoirs (100) with high
porosity are most likely to have an observable FWL (120)
whereas tight reservoirs (100) are most likely to not have an
observable FWL (120).

Returning to S200, when the FWL (120) 1s deemed
observable, the reservoir (100) may be further analyzed by
determining whether the pressure trend (330) of the free
water phase (104) follows the same pressure trend (330) as
the water in the rest of the reservoir (100) (5202). In
connection with this determination, FIGS. 34 and 34 are
graphs of depth (332) vs pressure (334). Pressure (334) data
gathered during drilling a well (114a-c) 1s plotted at the
depth (332) the pressure (334) data was obtained. The depth
(332) 1n the reservoir (100) at which the FWL (120) occurs
1s represented by a dashed line. FIG. 3a depicts a reservoir
(100) having a continuous pressure trend (330) within the
water interval beneath the FWL (120).

FIG. 3b depicts a reservoir (100) having a discontinuous
pressure trend (330) within the water interval below the
FWL (120) (1.e., shifted relative to each other) by more than
150 psi1. 11 the pressure trend (330) 1s continuous throughout
the reservoir (100), as shown 1n FIG. 3a, then the reservoir
(100) 1s 1n geological time equilibrium and a geological time
equilibrium difference map, commonly known to a person of
ordinary skill 1n the art, may be used to model the free water
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phase (104) distribution (S204), and the process ends. It the
pressure trend (330) 1s not continuous throughout the res-
ervoir (100), as shown in FIG. 35, then the reservoir (100)
may be analyzed turther by progressing to S206.

Continuing with FIG. 2A, when the pressure trend (330)
of the reservoirr (100) 1s deemed not continuous/not 1n
geological time equilibrium, the reservoir (100) may be
turther analyzed by determining whether the pressure trend
(330) of the free water phase (104) follows a pro-graditional
pattern (5S206). In connection with this determination, FIGS.
da and 4b are graphs of depth (332) vs pressure (334).
Pressure (334) data gathered during drilling a well (114a-¢)
1s plotted at the depth (332) the pressure (334) data was
obtained. The depth (332) in the reservoir (100) at which the
GWC (116) and the FWL (120) occur are represented by
dashed lines. FIG. 4a depicts a reservoir (100) having a
pro-graditional pattern beneath the FWL (120), meaning that
the pressure (334) data gathered at depths (332) deeper than
the FWL (120) (and the corresponding pressure trend (330))
follow a continuous pattern.

FIG. 4b depicts a reservoir (100) not having a pro-
graditional pattern beneath the FWL (120), meaning that the
pressure (334) data gathered at depths (332) deeper than the
FWL (120) (and the corresponding pressure trend (330)) do
not follow a continuous pattern and there may be multiple
different pressure trends (330) occurring beneath the FWL
(120). If the reservoir (100) follows a pro-graditional pres-
sure trend (330) below the FWL (120) then the reservoir
(100) may be analyzed further by progressing to S210. It the
reservoir (100) does not follow a pro-graditional pressure
trend (330) below the FWL (120), then there may be a
lateral/vertical structural/stratigraphic barrier that causes the
pressure (334) to be compartmentalized. In this case, a
pressure (334) compartmentalization difference map, com-
monly known to a person of ordinary skill in the art, may be
used to model the free water phase (104) distribution (S208),
and the process ends.

When the pressure trend (330) of the reservoir (100) does
have pro-graditional pattern beneath the FWL (120), the
reservoir (100) may be further analyzed by determining
whether the pressure (334) of the free water phase (104)
follows a hydrostatic pressure trend (S210). In connection
with this determination, FIGS. 5a and 5b are graphs of depth
(332) vs pressure (334). Pressure (334) data gathered during
drilling a well (114a-c) 1s plotted at the depth (332) the
pressure (334) data was obtained. The depth (332) 1n the
reservoir (100) at which the GWC (116) and the FWL (120)
occur are represented by dashed lines. The brine hydrostatic
pressure trend (3536) and freshwater hydrostatic pressure
trend (537) 1s also shown on FIGS. 5a and 5b. The hydro-
static pressure trends (536 and 537) are what the pressure
(334) of the reservoir (100) should be at particular depths
(332) based ofl of the hydrostatic pressure equation, com-
monly known to a person of ordinary skill in the art,
hydrostatic pressure 1s equal to (=) fluid density multiplied
by gravity multiplied by fluid depth.

FIG. 5a depicts the pressure trend (330) of the free water
phase (104) 1n a reservoir (100) following the hydrostatic
pressure trends (536 and 337) For the purposes of this
disclosure, the determination 1f the reservoir (100) in ques-
tion does follow the hydrostatic pressure trend (536 and 537)
1s based on a range of hydrostatic pressure trends (536 and
537) starting with the freshwater hydrostatic pressure trend
(537) and ending with the brine hydrostatic pressure trend
(536), as depicted 1n FI1G. 5a. As long as the free water phase
(104) pressure trend (330) of the reservoir (100) 1n question
lies within the aforementioned range, then the reservoir
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(100) 1s considered to follow the hydrostatic pressure trend
(536 and 337). Thus, the free water phase (104) 1n the
reservoir (100) may be categorized as “gravitational water”,
and the reservoir (100) may be further analyzed by pro-
gressing to S214, and the tlowchart depicted in FI1G. 2B. If
the free water phase (104) pressure trend (330) of the
reservoir (100) lies outside of the aforementioned range, as
depicted in FI1G. 554, then the reservoir (100) 1s considered to
not follow the hydrostatic pressure trend (536 and 537) and
the reservoir (100) may be further analyzed by progressing
to S212.

In Step S212 a determination 1s made as to whether the
age of the free water phase (104) 1s dated to the latest
extensive diagenetic process (S212). The age of the free
water phase (104) 1s determined by dating a sample of the
free water phase (104) using carbon-14 or argon dating. If
the age of the free water phase (104) does share a date with
the latest extensive dlagenetlc process, then the free water
phase (104) in the reservoir (100) may be categorized as
fossil water. In this case, the free water phase (104) distri-
bution may be modeled using a fossil water diagenetic trap
difference map (5216), commonly known to one of ordinary
skill 1n the art, and the process ends. If the age of the free
water phase (104) does not share a date with the latest
extensive diagenetic process, then the free water phase (104)
in the reservoir (100) 1s categorized as compactional water
and the reservoir (100) may be further analyzed by pro-
gressing to S214 shown 1n FIG. 2B.

When the pressure trend (330) of the free water phase
(104) 1n the reservoir (100) follows the hydrostatic pressure
trend (536) (or does not follow the hydrostatic pressure trend
(536) and does not have a free water phase (104) dating to
the latest extensive diagenetic process) the reservoir (100)
may be further analyzed by determining whether the free
water phase (104) possesses anomalous pressures (638) and
salinities (S214). In connection with this determination,
FIG. 6 depicts a graph of depth (332) vs pressure (334).
Pressure (334) data gathered during drilling a well (114a-¢)
1s plotted at the depth (332) the pressure (334) data was
obtained. The depth (332) in the reservoir (100) at which the
GWC (116) and the FWL (120) occur are represented by
dashed lines.

FIG. 6 depicts a reservoir (100) having anomalous pres-
sures (638) 1n the free water phase (104). Normal pressures
(638) may range from 0.3-0.4 psi/it and a pressure of 0.6
psi1/It would be an anomalous pressure (638). In the case of
the reservoir (100) depicted 1n FIG. 6, the free water phase
(104) may be categorized as perched water. The free water
phase (104) may also be considered perched water when
anomalous salinities are detected. Anomalous salinities are
salinities that are at least a one order difference from the
baseline signature. For example, 1f the baseline 1s 35K ppm
then a value of 100K ppm would be considered anomalous.
When the free water phase (104) 1s deemed to be perched
water, more data needs to be acquired from seismic surveys
(S217) and the workflow ends. If the reservoir (100) does
not have anomalous pressures (638) or salinities 1n the free
water phase (104), then the reservoir (100) may be further
analyzed by progressing to S218.

When the free water phase (104) of the reservoir (100)
does not contain anomalous pressures (638) or salinities, the
reservoir (100) may be further analyzed by determiming
whether the gas water contact (GWC) (116) surface shows
any dipping trend. In connection with this determination,
FIG. 7 depicts a reservoir (100) with a GWC (116) surface
having a dipping trend, meaning the GWC (116) surface dips
in one or more directions in the three-dimensional space. A
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dipping trend may be determined by mapping the observed
GWCs (116) obtained from various wells (114¢) drilled into
the reservoir (100) at different locations. The dipping trend
may be around 0.2 to 10 degrees. If the overall GWC (116)
surface of the reservoir (100) shows a dipping trend, such as
the reservoir (100) depicted mn FIG. 7, then the reservoir
(100) may be further analyzed by progressing to S222. If the
GWC (116) surface of the reservoir (100) does not show a
dipping trend, then more data needs to be acquired and the
data re-assessed (S220), resulting 1n the end of the process
at this stage. However, 11 a reservoir (100) has continued to
this point 1n the method, the GWC (116) surface should
show a dipping trend.

The reservoir may be further analyzed by determining
whether WUT wells (114a) and GDT wells (1145) fit the
GWC (116) surface. For example, after the GWC (116)
surface has been mapped using GWC (116) data from wells
(114¢), a WUT well (114a) may be compared to the GWC
(116) surface. The data from the WUT well (114a) may not
match the GWC (116) surface meaning that the WU'T well
(114a) may show the free water phase (104) existing above
the GWC (116) surface where only the gas phase (102)
should exist. In this scenario, the WUT well (114a) does not
fit the GWC (116) surface. If the WUT (114a) and GDT
(1145) wells do fit the surface, then the free water phase
(104) distribution may be modeled by a simple dipping
hydrodynamic trap difference map (S224), and the process
ends. If the WUT (114a) and GDT (1145) wells do not fit the
surface, then the reservoir (100) may be analyzed further by
progressing to 5226, in FIG. 2C.

As described 1 FIG. 2C, 5226 involves modeling an
inclined surface to {it the data points of the reservoir (100),
such as pressure (334) data, age data, and high-resolution
seismic data. Further, the GWC (116) surface may be guided
and adjusted to match the free water phase (104) and gas
phase (102) locations derived from the WUT wells (114a)
and GDT wells (1145). The flowchart further requires deter-
mimng again if the WUT (114a) and GDT (114b6) wells fit
the modeled inclined surface. If the WUT (114a) and GDT
(1145) wells fit the modeled inclined surface, the reservoir
(100) may be turther analyzed by progressing to S230. It the
WUT (114a) and GDT (114b) wells do not fit the modeled
inclined surface, then more data needs to be acquired and the
data re-assessed (S228), and the process ends. However, at
this stage of the process, the WUT (114a) and GDT (1145)
wells should fit the modeled inclined surface.

When the WUT (114a) and GDT (1145) wells fit the
modeled inclined surface, the reservoir (100) may be further
analyzed by determining whether a bi-model pore throat
distribution 1s present (S230). In connection with this deter-
mination, FIG. 8 depicts a bi-model pore throat distribution.
A bi-model distribution 1s categorized by the two distinct
peaks (844) that occur when the frequency (840) of a pore
throat diameter (842) 1s graphed against the pore throat
diameters (842). The frequency of various pore throat diam-
cters (842) may be determined by running a mercury injec-
tion capillary pressure test on various reservoir (100)
samples.

When a reservoir (100) has data that produces a bi-model
pore throat distribution, as shown in FIG. 8, then the
reservoir (100) has a complex capillary pressure eflect.
Thus, a difference map and top pay zone for a complex
hydrodynamic dipping surface may be created to model the
free water phase (104) distribution (S234). When a reservoir
(100) does not have data that produces a bi-model pore
throat distribution, then the reservoir (100) has a simple
capillary pressure effect. Thus, a difference map and top pay
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zone for a simple hydrodynamic dipping surface may be
created to model the free water phase (104) distribution
(S232).

A non-transitory computer readable medium may store
instructions for modeling the free water phase (104) distri-
bution 1n a reservoir (100). The instructions have function-
ality for progressing a reservoir (100) through the afore-
mentioned methodology steps 1n order to model the free
water phase (104) distribution 1n a reservoir (100). Embodi-
ments may be implemented on a computer system (902).
FIG. 9 1s a block diagram of a computer system (902) used
to provide computational functionalities associated with
described algorithms, methods, functions, processes, flows,
and procedures as described in the instant disclosure,
according to an implementation. The 1illustrated computer
(902) 1s intended to encompass any computing device such
as a server, desktop computer, laptop/notebook computer,
wireless data port, smart phone, personal data assistant
(PDA), tablet computing device, one or more processors
within these devices, or any other sutable processing
device, including both physical or virtual instances (or both)
of the computing device. Additionally, the computer (902)
may include a computer that includes an mput device, such
as a keypad, keyboard, touch screen, or other device that can
accept user mformation, and an output device that conveys
information associated with the operation of the computer
(902), including digital data, visual, or audio information (or
a combination of information), or a GUI.

The computer (902) can serve 1n a role as a client, network
component, a server, a database or other persistency, or any
other component (or a combination of roles) of a computer
system for performing the subject matter described 1n the
instant disclosure. The illustrated computer (902) 1s com-
municably coupled with a network (930). In some 1mple-
mentations, one or more components of the computer (902)
may be configured to operate within environments, 1nclud-
ing cloud-computing-based, local, global, or other environ-
ment (or a combination of environments).

At a high level, the computer (902) 1s an electronic
computing device operable to receive, transmit, process,
store, or manage data and information associated with the
described subject matter. According to some implementa-
tions, the computer (902) may also include or be commu-
nicably coupled with an application server, e-mail server,
web server, caching server, streaming data server, business
intelligence (BI) server, or other server (or a combination of
SErvers).

The computer (902) can receive requests over network
(930) from a client application (for example, executing on
another computer (902)) and responding to the received
requests by processing the said requests in an approprate
software application. In addition, requests may also be sent
to the computer (902) from internal users (for example, from
a command console or by other appropriate access method),
external or third-parties, other automated applications, as
well as any other appropriate entities, individuals, systems,
Or computers.

Each of the components of the computer (902) can
communicate using a system bus (903). In some implemen-
tations, any or all of the components of the computer (902),
both hardware or software (or a combination of hardware
and software), may interface with each other or the interface
(904) (or a combination of both) over the system bus (903)
using an application programming interface (API) (912) or
a service layer (913) (or a combination of the API (912) and
service layer (913). The API (912) may include specifica-

tions for routines, data structures, and object classes. The
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API (912) may be erther computer-language independent or
dependent and refer to a complete interface, a single func-
tion, or even a set of APIs. The service layer (913) provides
soltware services to the computer (902) or other components
(whether or not illustrated) that are communicably coupled
to the computer (902).

The functionality of the computer (902) may be accessible
for all service consumers using this service layer. Software
services, such as those provided by the service layer (913),
provide reusable, defined business functionalities through a
defined interface. For example, the interface may be sofit-
ware written 1 JAVA, C++, or other suitable language
providing data in extensible markup language (XML ) format
or other suitable format. While illustrated as an integrated
component of the computer (902), alternative implementa-
tions may 1llustrate the API (912) or the service layer (913)
as stand-alone components in relation to other components
of the computer (902) or other components (whether or not
illustrated) that are communicably coupled to the computer
(902). Moreover, any or all parts of the API (912) or the
service layer (913) may be implemented as child or sub-
modules of another software module, enterprise application,
or hardware module without departing from the scope of this
disclosure.

The computer (902) includes an interface (904). Although
illustrated as a single interface (904) in FIG. 9, two or more
interfaces (904) may be used according to particular needs,
desires, or particular implementations of the computer (902).
The interface (904) 1s used by the computer (902) for
communicating with other systems 1n a distributed environ-
ment that are connected to the network (930). Generally, the
interface (904 includes logic encoded 1n software or hard-
ware (or a combination ol software and hardware) and
operable to communicate with the network (930). More
specifically, the interface (904) may include software sup-
porting one or more communication protocols associated
with communications such that the network (930) or inter-
tace’s hardware 1s operable to communicate physical signals
within and outside of the illustrated computer (902).

The computer (902) includes at least one computer pro-
cessor (905). Although illustrated as a single computer
processor (905) i FIG. 9, two or more processors may be
used according to particular needs, desires, or particular
implementations of the computer (902). Generally, the com-
puter processor (905) executes 1nstructions and manipulates
data to perform the operations of the computer (902) and any
algorithms, methods, functions, processes, flows, and pro-
cedures as described in the instant disclosure.

The computer (902) also includes a memory (906) that
holds data for the computer (902) or other components (or
a combination of both) that can be connected to the network
(930). For example, memory (906) can be a database storing
data consistent with this disclosure. Although illustrated as
a single memory (906) 1n FIG. 9, two or more memories may
be used according to particular needs, desires, or particular
implementations of the computer (902) and the described
tfunctionality. While memory (906) 1s illustrated as an inte-
gral component of the computer (902), in alternative imple-
mentations, memory (906) can be external to the computer
(902).

The application (907) 1s an algornithmic software engine
providing functionality according to particular needs,
desires, or particular implementations of the computer (902),
particularly with respect to functionality described in this
disclosure. For example, application (907) can serve as one
or more components, modules, applications, etc. Further,
although 1llustrated as a single application (907), the appli-
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cation (907) may be implemented as multiple applications
(907) on the computer (902). In addition, although 1llus-
trated as integral to the computer (902), in alternative
implementations, the application (907) can be external to the
computer (902).

There may be any number of computers (902) associated
with, or external to, a computer system containing computer
(902), wherein each computer (902) communicates over
network (930). Further, the term “client,” “user,” and other
appropriate terminology may be used interchangeably as
appropriate without departing from the scope of this disclo-
sure. Moreover, this disclosure contemplates that many
users may use one computer (902), or that one user may use
multiple computers (902).

Although only a few example embodiments have been
described 1n detail above, those skilled 1n the art will readily
appreciate that many modifications are possible in the
example embodiments without materially departing from
this 1nvention. Accordingly, all such modifications are
intended to be imncluded within the scope of this disclosure as
defined in the following claims. In the claims, means-plus-
function clauses are intended to cover the structures
described herein as performing the recited function and not
only structural equivalents, but also equivalent structures.
Thus, although a nail and a screw may not be structural
equivalents 1n that a nail employs a cylindrical surface to
secure wooden parts together, whereas a screw employs a
helical surface, in the environment of fastening wooden
parts, a nail and a screw may be equivalent structures. It 1s
the express itention of the applicant not to mnvoke 35 U.S.C.
§ 112, paragraph 6 for any limitations of any of the claims

herein, except for those 1 which the claim expressly uses
the words ‘means for’ together with an associated function.

What 1s claimed:

1. A method for modeling water distribution 1n a reservoir
having a gas phase, a {free water phase, and a plurality of
pores, the method comprising:

determiming a free water level i the reservorir;

analyzing a free water pressure trend of the free water

phase;

determining a presence of anomalous pressures and salini-

ties within the free water phase;

determining whether gas down to models and water up to

models fit the reservoir;

determining a bi-modal pore throat distribution of the

plurality of pores within the reservorr;

generating a difference map to model the water distribu-

tion 1n the reservoir;
determining a top pay zone of the reservoir using the
difference map, wherein the top pay zone 1s a portion
of the reservoir where the gas phase 1s located; and

drilling a well into the top pay zone of the reservoir to
produce gas using the well.

2. The method of claim 1,

wherein the difference map models the top pay zone for

a complex capillary pressure effect 1n a complex hydro-
dynamic dipping surface.

3. The method of claim 1,

wherein the difference map models the top pay zone for

a single capillary pressure eflect in a complex hydro-
dynamic dipping surface.

4. The method of claim 1,

wherein the free water pressure trend 1s analyzed by

comparing the free water pressure trend to a reservoir
pressure trend.
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5. The method of claim 4,
wherein the free water pressure trend i1s analyzed by
comparing the free water pressure trend to a pro-

graditional pattern.

6. The method of claim 5,

wherein the free water pressure trend 1s analyzed by
comparing the free water pressure trend to a hydrostatic
pressure trend.

7. The method of claim 6, further comprising;:

determining an age of the free water phase.

8. The method of claim 7, further comprising;:
determining whether the age of the free water phase 1s
dated to a most recent extensive diagenetic process.

9. The method of claim 8, turther comprising;:
determining 1f a gas water contact shows a dipping trend
wherein the gas water contact 1s a location i the
reservoir located where the free water phase meets the
gas phase.

10. The method of claim 9, turther comprising:

creating an adjusted inclined gas water contact to fit the

gas down to models and the water up to models.

11. A non-transitory computer readable medium storing
mstructions for modeling water distribution 1n a reservoir
having a gas phase, a free water phase, and a plurality of
pores executable by a computer processor, the mnstructions
comprising functionality for:

determining a free water level 1n the reservorr;

analyzing a free water pressure trend of the free water

phase;

determining a presence of anomalous pressures and salini-

ties within the free water phase;

determining whether gas down to models and water up to

models fit the reservoir;

determining a bi-modal pore throat distribution of the

plurality of pores within the reservoir;

generating a difference map to model the water distribu-

tion 1n the reservotr.

12. The non-transitory computer readable medium of
claim 11,

wherein the free water pressure trend i1s analyzed by

comparing the free water pressure trend to a reservoir

pressure trend.
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13. The non-transitory computer readable medium of
claim 12,

wherein the free water pressure trend 1s analyzed by

comparing the free water pressure trend to a pro-
graditional pattern.

14. The non-transitory computer readable medium of
claim 13,

wherein the free water pressure trend 1s analyzed by

comparing the free water pressure trend to a hydrostatic
pressure trend.

15. The non-transitory computer readable medium of
claam 14, wherein the instructions further comprise func-
tionality for:

determining an age of the free water phase.

16. The non-transitory computer readable medium of
claim 15, wherein the instructions further comprise func-
tionality for:

determining whether the age of the free water phase 1s

dated to a most recent extensive diagenetic process.

17. The non-transitory computer readable medium of
claim 16, wherein the instructions further comprise func-
tionality for:

determiming 1f a gas water contact shows a dipping trend

wherein the gas water contact 1s a location in the
reservolr located where the free water phase meets the
gas phase.

18. The non-transitory computer readable medium of
claam 17, wherein the instructions further comprise func-
tionality for:

creating an adjusted inclined gas water contact to fit the

gas down to models and the water up to models.

19. The non-transitory computer readable medium of
claim 18,

wherein the difference map models a top pay zone for a

complex capillary pressure eflect 1n a complex hydro-
dynamic dipping surface.

20. The non-transitory computer readable medium of
claim 18,

wherein the difference map models a top pay zone for a

single capillary pressure effect in a complex hydrody-
namic dipping surface.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

